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136Objective: The study’s objectives were to survey the quality of life in patients with congenitally corrected trans-
position of the great arteries and to compare the responses of those who have undergone anatomic repair with
those who have a systemic right ventricle.
Methods: Thirty-eight patients who underwent anatomic repair and 13 patients after either conventional repair
or no surgical procedure were enrolled. Subjects completed the PedsQL 4.0 Generic and 3.0 Cardiac Modules.
Scores were also compared with those of patients from the literature with at least moderately severe cardiovas-
cular disease. Mean differences between groups were compared, and the association between clinical variables
and score in the anatomic repair subgroup was measured.
Results: Caregivers of patients in the anatomic repair group reported similar scores compared with the non-
anatomic repair group in all functional domains The anatomic repair group self-reported lower school function
(63 vs 81, P¼ .02). On the Cardiac Module, patients in the anatomic repair group self-reported fewer problems
related to residual heart disease (75 vs 63), appearance (81 vs 68), and treatment anxiety (74 vs 59), although the
differences were not significant. Compared with patients with other heart disease, the anatomic repair group
scored lower, with the largest differences in cognition and communication. Prolonged hospital stay and need
for a pacemaker were associated with lower quality of life after anatomic repair.
Conclusions: Patients in the anatomic repair group had similar quality of life compared with patients in the non-
anatomic group, except in the domain of school functioning. Prolonged hospital stay and need for a pacemaker
after anatomic repair may be risk factors for lower quality of life. (J Thorac Cardiovasc Surg 2011;142:136-41)Anatomic surgical repair of congenitally corrected transpo-
sition of the great arteries (CCTGA) involves restoration of
the morphologic left ventricle to the systemic circulation
using an atrial switch (Senning or Mustard procedure) in
conjunction with an arterial switch or a Rastelli procedure.
These complex operations have become feasible for pa-
tients with CCTGAwith low rates of morbidity and mortal-
ity reported.1-7 Supporters of anatomic repair (AR) do so in
part because of concerns about the long-term function of the
morphologic right ventricle in the systemic circulation.
Graham and colleagues8 demonstrated that moderate or se-
vere ventricular dysfunction with or without clinical heart
failure will develop by the fifth decade in the majority of pa-
tients with CCTGA and a systemic right ventricle, and that
30% to 40% report functional limitations. Many institu-
tions have adopted AR as the preferred approach for suit-e Division of Cardiology,a Department of Pediatrics and Communicable
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The Journal of Thoracic and Cardiovascular Surgable patients with the intent to improve these outcomes.
However, the greater risk of early morbidity and mortality
after AR compared with conventional repair and the lack
of data on long-term outcomes after AR spark debate about
the optimal surgical strategy for patients with CCTGA.
Perceived health-related quality of life (QOL) is an in-
creasingly important consideration in patients with chronic
medical conditions. QOL has been assessed in several pop-
ulations of patients with chronic disease,9 andmore recently
in patients with congenital heart disease (CHD).10,11 Uzark
and colleagues10 validated a tool for the assessment of QOL
in patients with CHD, the Pediatric Quality of Life Inven-
tory (Peds QL) and the related Peds QL Cardiac Module,
and have demonstrated its utility in studying children with
varying degrees of CHD severity.11
Because the primary theoretic advantage of AR is to
improve long-term functional status, we believe QOL is
an important outcome in the calculus of relative risks and
benefits of this strategy.We undertook this study to compare
the 2 management strategies using the Peds QL and Peds
QL Cardiac Modules. We measured the perceived QOL of
anatomically repaired patients at intermediate follow-up
and compared their responses with those of patients who
had undergone conventional or no repair. Our secondary
aims were to (1) compare the QOL outcomes for patients
with CCTGA with those of patients with other forms ofery c July 2011
TABLE 1. Patient demographics
Characteristic
Anatomic
Repair
Non-anatomic
repair
Response rate, n (%) 38 (84%) 13 (72%)
Age, y (mean  SD) 7.26  4.34 14.31  4.53
2–4, n (%) 13 (34%) 0 (0%)
5–7 10 (26%) 1 (8%)
8–12 10 (26%) 3 (23%)
13–18 4 (11%) 7 (54%)
19–25 1 (3%) 2 (15%)
Gender, n (%)
Female 13 (34%) 9 (69%)
Forms completed, n (%)
Parent-proxy form 37 (97%) 11 (85%)
Self-report form 13 (34%) 11 (85%)
Both forms 12 (32%) 9 (69%)
Duration since AR, mo (mean) 68 N/A
AR, Anatomic repair; N/A, not applicable; SD, standard deviation.
Abbreviations and Acronyms
AR ¼ anatomic repair
CCTGA¼ congenitally corrected transposition of
the great arteries
CHD ¼ congenital heart disease
NAR ¼ non-anatomic repair
PedsQL ¼ Pediatric Quality of Life Inventory
QOL ¼ quality of life
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risk factors and perceived QOL for patients who have
undergone AR.
MATERIALS AND METHODS
Subjects
All patients from our institution born after 1983 with atrioventricular
and ventriculoarterial discordance and 2 functional ventricles had been pre-
viously identified for a retrospective review of surgical outcomes after
AR.12 Patients who were treated medically or who had undergone conven-
tional repair were identified from our institution’s database. AR consisted
of a Senning procedure plus an arterial switch operation in patients with
suitable pulmonary valves or a Rastelli procedure in patients with valvar
pulmonary stenosis/atresia or complex left ventricular outflow tract ob-
struction. Several patients in the AR group were palliated at other institu-
tions before receiving their definitive procedure at our center. The
indications for referral for AR were mixed. In some cases AR was the first
option, whereas others were referred after failed attempts at conventional
or single-ventricle repair.
After receiving approval from our institutional review board, known
survivors after AR (45) and other patients with CCTGA (18) were con-
tacted by mail in June 2008. Participants had to be at least 6 months re-
moved from their most recent surgical procedure to be eligible for this
study, consistent with the criteria used to validate the Peds QL.11 If there
was no response, phone calls were made on a weekly basis up to 3 times.
Written consent was obtained for each subject. Participating families
were asked to complete the age-appropriate version of the PedsQL 4.0 Ge-
neric Core Scale and 3.0 Cardiac Module, and they received a small gift as
a token of appreciation.
Measures
The Peds QL is a multi-item questionnaire assessing perceived health-
related QOL across a wide age range (2–18 years). It can be completed
within 5 to 10 minutes. The 23-item Peds QL 4.0 Generic Core Scales as-
sess physical (8 items), emotional (5 items), social (5 items), and school
functioning (5 items). For ages 2 to 4 years, only parental proxy response
is offered, but separate self-report and parent-proxy forms exist for ages 5
to 7, 8 to 12, and 13–18 years. A young adult self-report form is available
for patients aged 18 to 25 years. As suggested by Uzark and colleagues11
families of patients aged 7 years or less completed the parent-proxy ques-
tionnaire only; families of patients between the ages of 8 and 17 years were
also given the self-report form. Patients aged 18 years or more were given
the self-report form only.
The 3.0 Cardiac Module also has 5 scales assessing QOL related to re-
sidual cardiac symptoms (7 items), physical appearance (3 items), treat-
ment anxiety (4 items), cognition (5 items), and communication (3
items). Additional items are embedded to assess for problems related to
medication adherence. The validity and reliability of the Cardiac Module
have been demonstrated.10The Journal of Thoracic and CaAll items use a 5-point Likert scale designed to assess QOL and level of
functioning.Respondents report howoften theyexperience specificproblems
grouped by functional domain (0, never a problem; 1, almost never; 2, some-
times; 3, often; 4, almost always a problem). Items are reverse-scored and lin-
early transformed to a scale from0 to 100,with 100 representingnoproblems
within a functional domain and the highest possible QOL score. The emo-
tional, social, and school functioning scores can be combined and averaged
to report a psychosocial health summary score. A general population will
report average scores in individual domains ranging from 77 to 89.9
Outcomes and Statistical Analyses
Scores for total QOL andwithin each individual functional domain were
tabulated using the linearly transformed method described. Perceived
health-related QOL of patients in the AR group was compared with that
of patients who had undergone conventional or non-anatomic repair
(NAR) in each functional domain using Student t tests.
To compare QOL outcomes for the AR group with a cohort of thosewith
moderate to severe CHD, a published control group was selected from the
study by Uzark and colleagues11 judged to have ‘‘moderate cardiovascular
disease requiring no therapy or surgically corrected (curative), or surgically
corrected cardiovascular disease with significant residua or need for addi-
tional surgery.’’ This combined group was selected to approximate what
might be expected for patients with CCTGA and a systemic right ventricle
in the modern era, and thus serves as a reasonable benchmark for NAR
strategies. The scores for this combined group for each scale were calcu-
lated from weighted averages of these 2 samples. Graphic analysis and
2-sample t tests were performed comparing the AR group with this group.
Finally, we analyzed clinical risk factors for poor QOL after AR. We
identified 3 risk factors a priori that we hypothesized could be associated
with perceived QOL: (1) major in-hospital morbidity (at least 1 of the fol-
lowing: mechanical circulatory support, dialysis, or documented neuro-
logic injury as defined by stroke or seizures); (2) prolonged hospital stay;
and (3) pacemaker-dependence. Hospital length of stay was dichotomized
to prolonged (28 days) or not (<28 days). Student t test was used to com-
pare outcomes between those with and without each clinical factor.
RESULTS
Questionnaires were received from 38 subjects in the AR
group (84%) and 13 subjects in the NAR group (72%), for
an enrollment rate of 81% (51/63). Patient demographics
are shown in Table 1. Subjects in the AR group wererdiovascular Surgery c Volume 142, Number 1 137
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AR group underwent a Senning/arterial switch procedure,
and 12 patients (32%) underwent a Senning/Rastelli proce-
dure. Seven of the 38 respondents (18%) had required sur-
gical or catheter-based reintervention. Nine of the 38
respondents (24%) were pacemaker-dependent; 6 of 9 re-
spondents (67%) had a pacemaker before AR. In the
NAR group, 11 patients had undergone conventional surgi-
cal repair: 4 had left ventricle to pulmonary artery conduits
placed, 4 had ventricular septal defect closure as the pri-
mary procedure, and 3 had tricuspid valve repair or replace-
ment. Of these 11 patients who underwent conventional
surgical repair, 3 had a single procedure and the other 8
had 2 or more procedures. Three of the 13 patients (23%)
in the NAR group were pacemaker-dependent.Comparing Quality of Life in Anatomic Repair
Versus Non-Anatomic Repair Groups
The QOL scores for the AR and NAR groups on both the
Generic Core Scales and the Cardiac Module are displayed
in Figure 1. On the Generic Scales, parent-proxies of the AR
group tended to report similar or higher QOL scores in each
functional domain, with no statistically significant differ-
ences between the groups. The AR group tended to self-
report better physical functioning than the NAR group,
but reported a significantly lower school functioning score
(AR 63 vs NAR 81, P ¼ .02). The AR group self-reportedFIGURE 1. Comparison of QOL scores between AR and NAR groups within in
Module (C, D). Values are mean scores by group. Error bars represent 1 stand
138 The Journal of Thoracic and Cardiovascular Surglower scores in each component of the psychosocial health
domain (emotional, social, and school functioning) com-
pared with parent-proxy reporting, whereas the NAR group
self-reported similar scores to parents.
On the Cardiac Module, the AR group tended to report
better scores compared with the NAR group related to
symptoms, physical appearance, and treatment anxiety on
both forms. Both groups reported low scores in the domains
of cognition and communication relative to the general pop-
ulation. The AR group’s self-reported cognitive functioning
was lower than the NAR group’s, although this was not sta-
tistically significant (AR 55 vs NAR 68, P ¼ .3).
Comparing Quality of Life in the Anatomic Repair
Group Versus Patients With Other Forms of
Moderate–Severe Cardiac Disease
The scores of both the AR group and the cohort of pa-
tients with other forms of moderate–severe CHD are shown
in Figure 2. On the Cardiac Module, the AR group’s scores
in the domains of symptoms and physical appearance were
similar by both parent-proxy and self-report to those of pa-
tients in the mixed cohort. There was a consistent pattern on
both forms for lower reported QOL by the AR group regard-
ing treatment anxiety, cognition, and communication. There
were greater discrepancies in the parent-proxy reported do-
mains of cognitive function (AR 55 vs other 77, P ¼ .03)
and communication (AR 66 vs other 76, P ¼ .06).dividual functional domains on Peds QLGeneric Scales (A, B) and Cardiac
ard deviation. *P<.05. AR, Anatomic repair; NAR, non-anatomic repair.
ery c July 2011
FIGURE 2. Comparison of QOL scores between AR group and patients with moderate or severe heart disease (11) within individual functional domains on
Peds QL Generic Scales (A, B) and Cardiac Module (C, D). Values are mean scores by group. Error bars represent 1 standard deviation. *P<.05. AR,
Anatomic repair.
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Quality of Life
We focused our analysis of clinical variables affecting
QOL after AR on the 3 risk factors described previously:
(1) major in-hospital morbidity, (2) prolonged hospital
stay, and (3) pacemaker dependence. The parent-proxy
scores for both scales are shown in Figure 3. In-hospital
morbidity was not associated with lower perceived QOL
(Figure 2, A). In contrast, parent-proxies of patients who
had a prolonged hospital stay (n ¼ 8) reported significantly
lower QOL in the domain of residual symptoms compared
with those who stayed less than 28 days after AR
(Figure 2, B), and the point estimates in several other do-
mains were lower for those with a prolonged hospital stay,
although not statistically significant. Similarly, parent-FIGURE 3. Comparison of parent-proxy QOL scores between patients expose
Risk factors include major in-hospital morbidity (A), prolonged hospital stay (B
Generic Scales and Cardiac Module are reported (subcomponents of the psych
scores of patients exposed to the risk factor. Error bars represent 1 standard de
The Journal of Thoracic and Caproxies of patients with pacemakers (n ¼ 9) reported lower
QOL in all functional domains comparedwith patients with-
out pacemakers (Figure 2, C), but patients with pacemakers
did not self-report lower QOL (analysis not shown).
DISCUSSION
This study compared 2 management strategies (AR vs
conventional or NAR) for patients with variants of CCTGA
using perceived health-related QOL as the primary outcome
measure. To our knowledge, this is the first time that QOL
has been used as the primary outcome to compare different
surgical management strategies in children with CHD.
The results suggest that patients who have undergone AR
and their parent-proxies report similar QOL to those in the
NAR group. One area of difference was in the domain ofd and not exposed to a priori defined risk factors for lower reported QOL.
), and need for permanent pacemaker (C). Scores from both the Peds QL
osocial composite domain are not displayed). Black bars represent mean
viation. *P<.05.
rdiovascular Surgery c Volume 142, Number 1 139
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nificantly lower score. Parents of patients in the AR group
did not rate school performance lower than parents of pa-
tients in theNARgroup, and theygave a higher score relative
to self-reports in the AR group. There was also a consistent
pattern of lower reported functioning by both groups in the
domains of cognition and communication. Children with
complex CHD requiring surgery are at risk for lower school
performance,13-15 but it is not known whether perceived
QOL in the domains of school function, communication,
and cognition correlate with objective performance
measures. Specific exposures in the perioperative course
after AR may place children at risk for later cognitive
difficulties, but these are as yet unknown. Future studies
of patients with CCTGA and other forms of complex CHD
are necessary to determine whether perceived deficiencies
in school functioning are common, the reasons for
a discrepancy between perceptions of children and
parents, and whether the perception of the children
matches objective measures of school performance.
The relative risks of the more complex AR strategy must
be weighed against the known risks of right ventricular fail-
ure and late mortality after conventional repair or medical
management. The theoretic advantages of AR may be ex-
pected to have a greater positive impact on patients’ per-
ceived QOL (relative to the NAR group) as they enter
adulthood, when the morbidity associated with systemic
right ventricular failure is likely to manifest. However, there
is an equally valid counterargument: Given the expected late
complications of atrial switch procedures,16,17 including
sinus node dysfunction and arrhythmias, and the limited
reports of left ventricular dysfunction18,19 and neoaortic
insufficiency6,18 after AR, there exists the possibility that
patients who have undergone AR will experience
morbidities that negatively affect their perceived QOL as
they enter adulthood. These uncertainties underscore the
need for repeated assessment of similar cohorts to
determine how QOL changes over time in patients with
this disease.
AR has been our preferred operative strategy for patients
with CCTGA since 1993. As such, the patients in the NAR
group were essentially historical controls; subjects in the
NAR group were older and had their operations several
years before those in the AR group. Thus, our NAR group
may not be representative of patients who would be treated
similarly in the current era. We performed an analysis com-
paring the AR group with a modern cohort of patients with
mixed diagnoses rated as moderate to severe, some of
whom had surgery and were with or without residual car-
diac disease. The working assumption was that this cohort
approximates what would be expected from conventional
repair or medical management of CCTGA in the current
era with regard to disease complexity. Patients in the AR
group generally rated their QOL similarly to the mixed co-140 The Journal of Thoracic and Cardiovascular Surghort, but consistently reported lower scores in the domains
of cognition and communication. A direct comparison be-
tween patients undergoing AR and patients with CCTGA
who have a systemic right ventricle managed in the modern
era is needed to determine if one strategy produces better
QOL outcomes.
Our analysis of clinical risk factors and their influence on
perceived QOL in patients who have undergone AR demon-
strated that a prolonged hospital stay was associated with
lower QOL in several functional domains consistent with
previous reports for other critically ill children.20,21
Although this may be expected to be due to greater
morbidity experienced by the group with prolonged
hospital length of stay, we did not find an association
between major in-hospital morbidity and lower perceived
QOL. It is possible that patients in the AR group who had
a prolonged hospitalization have chronic problems that
are directly associated with responses on the Peds QL. Fur-
ther evaluation of patients’ late physiologic status, need for
reintervention, and chronic morbidities as risk factors for
lower QOL after AR will be necessary to delineate these as-
sociations. It is also possible that prolonged hospitalization
affects perceived QOL independently, and enhancing our
understanding of this effect may help guide the postopera-
tive care of patients after AR and other complex congenital
heart surgery.
In this cohort, parents of patients with pacemakers per-
ceived a significantly lower QOL for their children com-
pared with parents of patients without pacemakers.
However, pacemaker-dependent patients did not self-
report lower QOL. Limited data exist on the QOL impact
of permanent pacing in children and young adults. Limited
data suggest that permanent pacing is associated with lower
QOL in adult patients undergoing tricuspid valve opera-
tions.22 Understanding the relationship between pacemaker
dependence and QOL is important in anticipating how per-
ceived QOL may change over time in patients who have un-
dergone AR. The combined risks of complete heart block in
this disease with the risk of tachyarrhythmia after atrial
switch operations make it possible that a significant number
of adult survivors of AR will require pacemaker therapy. If
pacemaker dependence continues to be a significant risk
factor for lower QOL in future studies, this may factor
into the surgical decision-making for patients, especially
those at higher risk of perioperative heart block.
This investigation has some important limitations. This
study was conducted within a relatively small cohort from
a single institution; these were convenience samples that
were not designed to achieve adequate statistical power to
test specific null hypotheses. As such, the presence or
lack of statistically significant differences between groups
should be interpreted with appropriate caution. The groups
were not randomized to one management strategy; there
were patients in the AR group who had previously failedery c July 2011
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older, and changes in surgical and postoperative care over
time are potential confounding variables. Follow-up data
on physiologic status (ie, ventricular function, residual car-
diac disease), exercise capacity, neurodevelopment, and ob-
jective measures of school performance were not available
to us to analyze in conjunction with perceived QOL re-
sponses. The majority of this cohort is followed at other in-
stitutions, making the regulatory and logistic obstacles to
collecting these data prohibitive. Future analyses would
benefit from the inclusion of these data to more completely
understand the determinants of QOL. We did not record
a measure of the socioeconomic status of respondents,
which may also affect perceived QOL.
CONCLUSIONS
We have performed an assessment of 2 management
strategies for patients with CCTGA using perceived QOL
as the primary outcome measure. At intermediate follow-
up, patients who have undergone AR at our institution
report similar QOL to patients who have a systemic right
ventricle. Perceived QOL will be important in the ongoing
multifactorial assessment of the risks and benefits of the
technically feasible, yet complicated, AR strategy. Further
research is necessary to determine the physiologic and func-
tional markers that correlate with patients’ perceived QOL.
Multi-institutional collaboration will be imperative to gen-
erate cohorts sufficient in size to answer questions related to
this rare disease.
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